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THE CHEMISTRY OF THE HUMAN SEBACEOUS GLAND*
II. ANALYSIS OF HUMAN SEBACEOUS MATERIAL FROM INDIVIDUAL ORIFICES
K. SCHMIDT-NIELSEN, RAYMOND R. SUSKIND, M.D., AND
ELIZABETH TAYLOR
This paper deals with analytical data obtained on samples of sebaceous ma-
terial from individual orifices in a small number of subjects.
Previous investigations on human sebaceous material have been concerned
mainly with the quality and quantity of lipids present on the skin surface.
More recently Engman and Kooyman (1), Emanuel (2, 3), Rothman et al.,
(4, 5, 6), Weitkamp et al. (7), Butcher and Parnell (8), Kirk (9), Kvorning (10),
Kile et al. (11), MacKenna et al. (12) have collected surface lipids by various
methods and have determined several constituents quantitatively. Since such
samples are collected from the external surface of the skin by such methods as
that of applying a solvent, of wiping the surface of the skin, or of dissolving the
lipids of hair cuttings, these efforts give little information as to what lipids origi-
nate in the sebaceous glands and what part of the lipid might originate in the
epidermis itself. For the understanding of the normal as well as the abnormal
function of sebaceous glands, it is desirable to investigate the unaltered and
uncontaminated secretion.
The amount of material that can be obtained from individual openings of
sebaceous glands is so small that special technics must be applied for its analytical
examination.
Histochemical investigations of individual sebaceous glands, carried out by
application of specific staining technics and other microscopic tests, have given
information about the types of lipid material that are present in normal and
abnormal sebaceous glands. Such information has been recorded by Suskind (13).
It seems desirable, therefore, to supplement qualitative by quantitative
methods in investigating sebaceous secretions. The present paper deals with
the application of exact physical and chemical methods for examination of
secretions obtained from individual sebaceous or follicular orifices.
TECHNICS
Samples were expressed from various skin areas by means of an ordinary "comedone ex-
tractor". The expressed material was immediately transferred to a small hooked glass fiber
of known tare weight, and weighed on a rapid weighing quartz fiber torsion balance to be
described in a later publication. The accuracy of the weighings was approximately 2 per cent
in small samples and much less (approximately 0.5 per cent) in larger samples.
The sebaceous material which was expressed from the orifices cannot be regarded as se-
bum obtained directly from the sebaceous gland only, but is the material which is present
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in the excretory duct and follicle lumen. No attempts were made in this preliminary study
to collect material under constant conditions of temperature and humidity.
The fresh weight of the sample was determined immediately after expression, so that the
error from evaporation was negligible.
(A number of samples (Table 3 and Table 4, subject M.B.) were weighed on an ordinary
air-damped micro balance with a sensitivity of 0.001 mg. Satisfactory precautions against
evaporation were taken. In the presentation of the data these samples are marked accord-
ingly.)
The dry weight of the sample was obtained after drying in vaduo over anhydrous CaSO4
or P205 at 1 mm Hg. for at least 12 hours.
It was found that no further loss in weight took place after the first hour of drying. The
small size of the samples, therefore, is an advantage, since the usual technics for obtaining
dry weight, which involve pulverization, are superfluous. This greatly facilitates handling
the material, which, after drying, adheres to the glass fiber. This can then be used as a
carrier in all subsequent operations.
Fic. 1. Arrangement for extraction of .sebum samples. Samples are suspended on glass
hooks from a wire spiral attached to a small wooden block. The metal tank, holding about
25 ml. of solvent, is 8 x 2 x 2 cm.
If the drying was repeated in a drying oven at 105° C., it was found that a small further
weight loss would occur. This loss was not much greater than the error of the weighings, but
it was found consistently in the case of sebum as well as in that of small samples of tissue.
We ascribe this loss to volatile substances other than free water. Since the amount is small,
it can be disregarded for present purposes; however, it should be pointed out that use of the
two different methods for obtaining dry weights may result in slight differences in the ob-
served water content.
The total lipid content was obtained by extracting the sample with chloroform and by
subsequent weighing of the lipid-free residue. The difference in weight represents the total
lipid content, but gives no information as to the chemical composition of the latter. The
extraction was done by repeated immersion of the glass fiber with the sebaceous material in
chloroform for hour periods. Two extractions were sufficient to reduce the residue to con-
stant weight, and continued extraction for 24 hours gave no further loss.
The procedure will be apparent from Figure 1. One difficulty arose because the samples
had a tendency to separate from the glass fiber on making contact with the chloroform sur-
face. This was particularly apparent in samples that appeared "dry", while soft and smeary
samples stuck well to the fiber. If any of the material was lost in this way, the final lipid-
free residue would be too low in weight, the lipid content found correspondingly too high.
It was found that this difficulty could be practically eliminated if a small drop of distilled
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water was placed on the sample by means of a micropipette, and allowed to evaporate. After
this treatment the sample usually adhered well to the fiber, and in case any particles were
seen to separate from the carrier fiber, the sample in question was completely discarded. It
should be added that such separated particles are easy to observe since they are lighter than
the chloroform and will be found floating on its surface.
Chemical Analysis of Lipids. The chemical analysis of lipids from sebaceous material was
carried out by application of micromethods originally developed by Schmidt-Nielsen for
analysis of lipids from 1mg. of tissue (14), (15), (16), (17).
The extracted lipids cannot be recovered easily from the chloroform used for extraction
in the procedure described above, because of the spreading of lipids on the surface of any
container used for evaporation of the solvent. Therefore, the total sebaceous sample was
transferred into a micro ampoule which served as the vessel for subsequent chemical pro-
cedures. The sample and the part of the fiber to which it adhered were simply broken off.
The small piece of glass fiber remaining with the sample does not interfere with the subse-
quent procedures.
The sample is completely digested with alcoholic KOll, which saponifies neutral fats,
fatty acids, phosphatides and cholesterol esters. The unsaponifiable lipids, mainly choles-
terol, are removed by extraction from this alkaline mixture. After acidifying with HC1 the
fatty acids are obtained by extraction with a suitable solvent with low vapor tension (tol-
uene). The isolated fatty acids can then be titrated. The degree of unsaturation can be de-
termined in any of the lipid fractions by the bromination method (15).
Unfortunately, present methods do not permit reliable determination of very small
amounts of cholesterol. We are now attempting to develop a suitable technic for cholesterol
analysis in amounts of the order of by.
RESULTS
Some results obtained by analysis of material from individual follicle orifices
are presented. Samples were obtained from apparently "normal" persons with
moderately oily skin and from four persons suffering from severe occupational
acne (chloracne). The normal persons chosen for this initial examination were
those with moderately oily skin, since it was easy to obtain samples from such
skin by the simple method of expression employed. The material was expressed
from apparently normal openings in the skin of the normal persons and from
comedones and uninfiamed milia-like cysts of the chloracne patients.
Tables la and lb represent data obtained from two normal young men.
There is, as expected, a large variation in the amount of material that could
be expressed from a single orifice. It should be noted, however, that the figures
do not represent any average of material that could be expressed from the
orifices. The larger openings were selected, and if samples were too small for
handling and weighing they were discarded. The figures, therefore, represent
the amount that can usually be obtained from the larger follicular openings.
The variation is considerable, the amounts ranging from 177 to 4007 (0.017—
0.4 mg).
The amount of dry matter (including lipids) present in the expressed material
varies between about 40 and 80 per cent, and averages about 64 and 56 per
cent, respectively. There are similar variations in the amounts of total lipid.
The fraction of lipid in the solid matter varies in one person (Table la) from
about 40 to 70 per cent; in the other person (Table ib) from about 30 to 60
per cent. The averages are respectively 51 and 45 per cent.
In Table 2 are given the data from a young female who had been given x-ray
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TABLE la
Analytical results on sebaceous material expressed from individual orifices of face
Normal male
T. G.
SAMPLE NO. WET WRIGHT,? % DRY MATTER %TOTAL LIPID IN
1
4
3
6
7
16
10
15
9
12
14
11
13
8
21.5
76.2
87.0
94.8
123.1
130.1
146.7
175.0
182.9
214.1
228.6
302.0
324.4
396.0
90.9
73.1
43.8
78.3
61.1
38.3
76.7
60.9
74.3
46.6
47.9
55.1
35.8
70.0
65.0
66.7
33.4
51.4
55.8
41.2
48.6
44.0
70.5
55.8
47.3
39.4
39.5
54.1
Average 178.7 60.9 50.9
TABLE lb
Analytical results on sebaceous material expressed from individual orifices of face
Normal male
J. R.
SAMPLE NO. WET usIGHT,1 % DRY MATTER
23
18
20
19
21
13
8
15
12
22
24
9
14
1
39.0
48.4
51.6
59.0
59.5
65.3
71.6
77.9
80.1
84.3
110.7
112.8
138.0
243.5
70.2
78.3
61.3
57.2
53.1
50.0
48.6
33.9
57.9
67.5
39.9
53.3
56.5
44.2
53.7
36.1
36.2
28.2
36.2
38.8
48.6
44.3
38.7
61.2
52.3
47.4
45.8
58.8
Average 88.7 55.1 44.7
therapy for acne vulgaris several years previously, but who, at the time of the
experiment, had no active lesions except a few comedones. The samples from
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this subject were separated into two groups: one representing the material
from apparently normal glands and the other representing the comedones. This
separation was reflected in the amount of material that could be expressed.
From "normal" glands the amounts were comparable to those in Tables la
and b, while most of the comedones yielded much larger amounts.
There also is a significant difference in the amount of dry matter in the two
groups, the "normal" material containing less water than the comedones. There
TABLE 2
Analytical results on sebaceous material expressed from individual orifices of face
Female treated inactive acne vulgaris
SAJU'LE NO. WET WEIGHT, 7 % DRT MATTER DRIED SAMPLE
M. W. Normal glands
3
11
8
4
2
5
10
12
1
9
16.9
31.8
65.3
85.3
89.5
94.8
105.3
113.8
138.9
139.0
69
83
63
75
52
71
69
72
74
68
18
12
31
52
23
47
38
55
49
41
Average 88.1 69.6 36.6
M. W. Comedones
23
15
17
18
14
13
20
19
22
49.5
182
183
197
218
306
503
657
1448
41
59
36
80
66
80
47
38
36
53
34
16
35
40
37
33
21
46
Average 415.9 53.7 35.0
is no difference in the lipid content of the material in the two groups. However,
the average of 36 per cent of lipid in the dry matter is lower than that in the
material of the first two subjects (Tables la and b). This fact will be referred
to with the analysis of acne material later in this paper.
The contents of uninflamed cysts and comedones of four patients with severe
acne, caused by an accidental exposure to trichlorophenol or its polymers, were
examined. The results are given in Table 3.
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TABLE 3a
Analytical results of material expressed from uninflamed cysts and comedones of four male
subjects with chloracne
SAMPLE NO. VTETWNIGHT % iy MATTEE DRITD SAMPLE
I. M.
104
105
106
102
107
108
101
103
1.24
1.39
1.42
1.81
1.95
2.02
2.91
4.97
18.6
30.9
46.5
23.2
77.0
20.8
31.2
94.2
43.5
58.2
60.6
54.7
54.6
33.3
34.0
31.4
Average 2.21 42.8 46.3
P. W.
111
113
110
112
109
153
115
114
0.42
0.98
1.60
1.71
1.97
2.17
6.48
9.73
45,2
36.8
20.6
21.6
34.5
74.7
30.5
12.5
21.0
27.8
24.2
13.5
16.2
22.2
14.9
45.9
Average 3.13 34.6 23.2
J. S.
119
116
117
118
120
122
121
0.56
1.47
1.69
1.73
2.80
8.94
13.55
26.8
16.3
20.1
11.6
35.0
27.9
23.7
46.7
41.6
29.4
—
50.0
17.7
17.8
Average 4.39 23.1 33.9
J. H.
127
135
131
126
130
133
124
139
0.69
0.72
0.94
1.07
1.41
2.82
3.32
5.77
23.2
62.5
69.2
24.3
22.7
38.2
25.3
22.7
50.0
8.9
35.4
57.7
46.8
34.3
35.7
49.6
Average 2.09 36.0 39.8
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It is immediately apparent that the amount of material that could be expressed
from a single lesion was of a different order from that which could be obtained
from the usual orifice. (The samples were so large that they had to be placed
in microampoules and weighed on an ordinary micro-balance.) The samples
from these subjects averaged several milligrams in weight as compared to a
fraction of one milligram in normal persons.
Grossly the specimens seemed softer and more moist than those of the normal
subjects. The figures represent a confirmation of this observation. However,
the figures demonstrate large variations in the content of water and dry matter
in samples which had somewhat similar general appearance.
The total amount of lipid in these samples apparently is lower than found in
our "normal" subjects (Tables la and ib).
In addition to samples obtained from individual small cysts, samples were
collected from a larger number of cysts and combined for analyses. The analysis
of such large samples has a higher accuracy, and gives more correct average
values than the averages that can be calculated from individual samples of
TABLE 3b
Analytical results obtained by the combination of all samples obtained from each of the four
chtoracne patients
SUBJECT COMBINED SAMPLESWT WEIGhT DV WEIONT % DtL MATTF.E romi. x.ipm % TOTAL LIPID
mg. tng.
I. M. 17.71 9.25 52.2 3.72 40.2
P. W. 35.16 13.45 38.3 3.35 24.9
J. 8. 36.25 10.26 28.3 2.67 26.0
J. H. 28.89 12.81 44.3 3.47 27.1
variable size. The results obtained by analysis of such "pooled" samples from
the chloracne patients, combined with the results on individual samples, are
presented in Table 3b. The total lipid content in these combined samples, repre-
senting the material collected, is lower in three of these patients.
The lower lipid content found in cyst and comedone material corresponds
with the histologically observed increase in the keratin content of such structures.
The results of the chemical analyses of sebum samples is presented in Table
4. The material was obtained from four normal young men, two of them (T.
G. and J. R.) being the same persons referred to in Tables la and lb. The weight
of each sample was less than 1 mg. It will be seen that the amount of dry matter
in the expressed material is of the same order as that of our other material from
normal persons, or else it is somewhat greater (Tables la and ib).
The amount of total fatty acids in the material does not vary as much as
might be expected, judging from the wide range in total lipid in similar samples
(Tables la, lb and 2).
The determinations of the degree of unsaturation show that the fatty acids
are slightly less unsaturated than oleic acid, which has one double bond in each
fatty acid molecule. The calculations (Table 4, last column) indicate that there
TABLE 4
Results of chemical analysis of sebaceous material expressed from individual orifices of the
face in four normal young males
SAMPLE NUMBER WET WEIGHTT
KflIT WEIG 1
'
gi MOL PAm t MOL BR2
MATTER ACID/MG DRY PER MG DRY
WEIGHT WEIGHT
L MOL BR2
PERiMOL
PATTY ACID
T. G.
1
2
3
4
5
6
7
8
9
10
11
12
83.2
291.2
196.6
138.3
131.1
234.0
282.8
310.0
381.9
368.2
164.3
189.2
67.6
187.2
146.7
113.3
96.7
163.3
126.9
210.0
174.8
202.7
100.8
106.1
81.2
64.3
74.6
81.9
73.8
69.8
45.2
67.7
45.7
55.1
61.4
56.1
1.77
2.17
1.32
1.82
1.85
1.99
1.57
2.18
1.71
1.99
1.65
1.58
1.11
1.73
.91
1.35
1.56
1.65
1.23
1.12
1.17
1.34
.88
.94
.63
.80
.69
.74
.84
.83
.78
.51
.68
.67
.53
.60
Average 230.9 141.3 64.7 1.80 1.25 .69
J. R.
1
2
3
4
5
6
7
8
275.6
371.3
288.1
118.6
120.6
133.1
396.2
151.9
196.6
295.4
148.7
193.0
93.6
99.8
265.2
118.7
71.3
79.6
51.6
86.9
77.6
75.0
67.0
66.8
1.60
1.54
1.84
1.76
1.55
1.78
1.63
1.66
1.69
1.81
1.69
1.55
1.73
.92
1.03
1.09
.87
1.06
Average 231.9 165.1 72.0 1.67 1.69 0.99
H. S.
9
10
11
12
14
15
16
18
20
21
22
23
24
108.2
284.0
162.3
282.0
187.2
75.9
279.9
360.8
181.0
184.1
150.8
168.4
161.2
80.1
199.8
106.1
185.1
134.1
59.3
211.2
275.8
139.3
135.1
123.9
124.9
113.3
74.0
70.4
65.4
65.6
71.6
68.6
75.4
76.9
77.0
73.4
82.2
74.2
70.3
2.07
2.07
2.38
2.16
2.14
2.14
2.03
2.01
1.71
1.88
1.75
2.00
1.59
1.70
1.90
2.22
2.14
2.15
1.80
1.91
1.97
1.97
2.28
1.81
1.96
1.32
.82
.92
.93
.99
1.00
.84
.94
.9S
1.15
1.21
1.03
.98
.83
Average 198.9 154.2 72.7 1.99 1.93 0.97
M. B.
1
2
3
4
5
6
1.87
.62
.04
.35
.03
.38
1.57
.43
.22
.14
84.0
68.4
(high)
62.9
(high)
36.8
1.70
1.53
1.60
1.70
1.45
1.73
1.60
1.70
1.01
1.02
1.05
1.00
.70
Average 0.55 63.0 1.60 1.51 0.94
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is, on the average, from 0.6 to 1 double bond for each fatty acid molecule. At
the present time we do not know the distribution of the double bonds, or the
significance it might have. However, the figures show a conspicuous constancy
for each person investigated. Three of the subjects show similar degrees of un-
saturation. The findings on the fourth subject (T. G.) were quite constant, al-
though at a definitely lower level than in the other persons.
The analytical data presented does not include information on some important
lipids and is, therefore, rather incomplete. Since cholesterol is considered an im-
portant constituent of sebum, it appears quite desirable to obtain data for this
substance by means of direct analytical procedures. This will not be possible
until a suitable technic is developed.
SUMMARY
This paper presents data obtained by applying exact analytical methods to
the investigation of sebaceous material obtained from individual follicular
openings. The data are presented in table form, and some possible implications
are discussed.
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